Endophytic bacteria reside within plant hosts without having pathogenic effects, and various endophytes have been found to functionally benefit plant disease suppressive ability. In this study, the influence of banana plant stress on the endophytic bacterial communities, which was achieved by infection with the wilt pathogen Fusarium oxysporum f. sp. cubense, was examined by cultivation-independent denaturing gradient gel electrophoresis analysis of 16S ribosomal DNA directly amplified from plant tissue DNA. Community analysis clearly demonstrated increased bacterial diversity in pathogen-infected plantlets compared to that in control plantlets. By sequencing, bands most similar to species of Bacillus and Pseudomonas showed high density in the pathogen-treated pattern. In vitro screening of the isolates for antagonistic activity against Fusarium wilt pathogen acquired three strains of endophytic bacteria which were found to match those species that obviously increased in the pathogen infection process; moreover, the most inhibitive strain could also interiorly colonize plantlets and perform antagonism. The evidence obtained from this work showed that antagonistic endophytic bacteria could be induced by the appearance of a host fungal pathogen and further be an ideal biological control agent to use in banana Fusarium wilt disease protection.
Introduction
Fusarium wilt of banana plants caused by Fusarium oxysporum f. sp. cubense or FOC is a severe field disease (Stover and Waite, 1954) and causes high yield losses world-wide. The pathogen survives in soil and penetrates roots from where it spreads slowly to the corm (Raguchander et al., 1997) . Major symptoms of wilt develop when the fungus invades the vascular tissues of the petiole and leaves, resulting in leaf chlorosis and necrosis (Nelson, 1981) . However, it does not cause disease symptoms unless environmental conditions are favorable.
The term endophyte refers to fungi or bacteria, which for all or part of their life cycle, invade the tissues of living plants (similar to those colonized by plant pathogens) and cause unapparent and asymptomatic infections entirely within plant tissues, but cause no symptoms of disease (Wilson, 1995) . Bacterial endophytes have been isolated from many different plant species, including tomato (Nejad and Johnson, 2000) , potato (Garbeva et al., 2001; Sturz et al., 1999) , wheat (Coombs and Franco, 2003; Germida et al., 1998; Siciliano et al., 1998) , sweet corn (McInroy and Kloepper, 1995) , cotton (McInroy and Kloepper, 1995) , Vol. 54 LIAN, WANG, and ZHOU oilseed rape Nejad and Johnson, 2000) , coffee (Fernando et al., 2005) , sugarcane (James and Olivares, 1998) and citrus plants (Araujo et al., 2001 (Araujo et al., , 2002 .
Endophytic bacteria have been shown to have a number of beneficial effects on the host plant when reintroduced. Several bacterial endophytes have been reported to support growth and improve the health of plants (Benhamou et al., 1996; Chen et al., 1995; Coombs et al., 2004; Sturz et al., 1999) and therefore may be important sources of biocontrol agents. The widely recognized mechanisms of biocontrol mediated by endophytes are competition for an ecological niche or a substrate, production of inhibitory allelochemicals, and induction of systemic resistance (ISR) in host plants to a broad spectrum of pathogens (Hallmann et al., 1997; Lodewyckx et al., 2002; Sturz et al., 2000) and/or abiotic stresses (Compant et al., 2005) .
In attempt to understand the physiology and ecological roles of microbes whose growth requirements are unknown has led to the development of cultivationindependent metagenomic approaches (Handelsman, 2004; Handelsman et al., 1998; Rondon et al., 2000) . Cultivation-independent population analysis realizes greater complexity than traditionally found, and leads to a less biased determination of microbial diversity. Techniques such as denaturing gradient gel electrophoresis (DGGE) (Smalla et al., 2001) , terminal restriction fragment length polymorphism analysis (T-RFLP) (Conn and Franco, 2004) or amplified rDNA restriction analysis (ARDRA) (Weidner et al., 2000) in combination with sequence analysis of 16S rRNA genes allow rapid characterization of microbial communities. In previous experiments we found, by sequencing partial 16S rRNA genes, a broad phylogenetic spectrum of bacteria that are able to colonize banana tissue culture plantlets endophytically, including members of the subgroup of the γ -Proteobacteria, the β -Proteobacteria, the α -Proteobacteria, the Actinobacteria, and some uncultured clones.
The objective of the present study was in analyzing the reponse of introduced endophytic bacterial populations in banana tissue culture plantlets to the presence of a pathogen, Fusarium oxysporum f. sp. cubense or FOC. For community profiling of endophytic bacteria of pathogen-infected and control plantlets a cultivation-independent approach was chosen, in which 16S rRNA genes were PCR amplified and subjected to DGGE analysis. In addition, endophytic bacteria were isolated, identified by 16S rRNA gene analysis, and tested for the ability to protect banana tissue culture plantlets from wilt disease.
Materials and Methods

Artificial inoculation and greenhouse experiment.
Brazil banana tissue culture plantlets (Musa acuminata AAA Cavendish cv. Brazil), obtained from Guangzhou Agricultural Science Institute, were used for the artificial inoculation analysis of bacterial endophytes. The widely cultivated banana plant Brazil in Guangdong Province was sampled from adult healthy plants at Zhongshan Minzhong Plantation in May, roots of banana plants were cut and placed in an ice-box and processed within 4 h of collection. The mixed endophyte inoculum was prepared from surface-sterilized (as described below) banana root tissue extract by homogenizing in 0.85% (w/v) saline with a blender. The crude homogenate from roots of healthy banana plants contained abundant indigenous endophytes, and was subsequently added to the rhizosphere of banana tissue culture plantlets, approximately 2 ml tissue extract suspension containing 7.1 log CFU communities for every five plantlets in one bag. After 1 week incubation in a closed heterotrophic environment, the plantlets were moved into sterilized planting soil at a greenhouse with a temperature ranging from 25 C to 35 C. To maintain the soil water content, pots with plantlets were treated daily with an estimated 10 20% (v/v) of water. After another 2 weeks, plantlets were wounded at the root base and infected with 5 ml of 10 5 per ml spore suspension of a 7-day-old culture of FOC, hptlabeled Fusarium oxysporum f. sp. cubense race 4 strain 4417. Control plantlets were not wounded and not infected with FOC after endophyte inoculum treatment. Each treatment was replicated three times. Four more weeks after inoculation of FOC, banana root and pseudostem sections were harvested for subsequent DNA isolation. Total DNA isolation. In order to avoid isolation of surface bacterial DNA, roots and pseudostems were washed in running tap water and surface disinfection was done by stepwise washing in 70% ethanol for 2 min, sodium hypochlorite solution (0.9%, w/v, available chlorine) for 5 min, followed by three rinses in sterile distilled water to remove surface sterilization agents. To confirm that the disinfection process was successful, the aliquots of the sterile distilled water used in the final rinse were also plated onto nutrient agar (NA) medium plates and the plates were examined for growth after incubation at 30 C for 4 days. No growth was observed.
Pieces of surface-disinfected roots and pseudostems (2 g fresh weight) were placed in a sterile tube with 10 ml of 100 mM sodium phosphate buffer (pH 8.0), and shaken at 120 rpm for 2 h. Eight milliliters of the suspension was transferred to a new tube and centrifuged for 5 min at 12,000 g, and the resulting pellet was dissolved in 500 µl of TE buffer (1% SDS,15 µg ml 1 Proteinase K, 100 µg ml 1 RNase A), 37 C water bath for 30 min. After extraction with phenol/chloroform (v/v), DNA was precipitated with sodium acetate solution and isopropanol. DNA was centrifuged for 10 min at 13,000 rpm, washed with 70% ethanol and dried. Finally, the DNA was resuspended in 20 µl TE buffer. Total DNA was further purified with ethanol and visualized by electrophoresis on a 0.8% (wt/v) agarose gel. PCR-DGGE analysis and sequencing. For cultureindependent endophytic bacterial population analysis, a nested PCR was used to investigate the structure of the eubacterial community. To avoid amplification of chloroplast-derived sequences at a high rate in the PCR reaction, ribosomal sequences from banana plant total DNA were amplified with F27 and modified R1530 primers (Table 1) by using an initial denaturation step of 94 C for 5 min, followed by 43 cycles of 94 C for 30 s, 52 C for 30 s, and 72 C for 1 min 30 s and a final 8-min extension at 72 C. The first 15 cycles amplification were only performed by primer F27, then primer R1530 and more rTaq DNA polymerase were added into the reaction tube for the last 28 cycles, the PCR products were purified with a TaKaRa Agarose Gel DNA Purification Kit and 2 µl of that was further used as templates in the second PCR with the F341 GC and R534 primers (Table 1 ). The PCR mixture was made up of deoxynucleoside triphosphates at 200 µM each, 0.25 µM each primer, 3 mM MgCl 2 , 1 PCR buffer, and 1 U of rTaq DNA polymerase (TaKaRa) in a total volume of 50 µl. Approximately 200 ng of target DNA was added to each reaction. A negative control (PCR mixture without DNA) was included in all PCR experiments. The final PCR products were used as loading samples for analysis of denaturing gradient gel electrophoresis (DGGE).
DGGE was performed with the DGGE-2001 apparatus (C.B.S. Scientific Company, Inc.). PCR samples were loaded onto 6% (wt/v) polyacrylamide-bisacrylamide (37.5 : 1) gels in 1 TAE buffer (20 mM Tris-acetate, 0.5 mM EDTA, pH 7.4). The polyacrylamide gels were made with denaturing gradients ranging from 40 to 60% (where the 100% denaturant contained 7 M urea and 40% deionized formamide). The gels were run for 6 h at 200 V and 60 C, after which the gels were then stained with SYBRGreen (ShenYou Biology Ltd., Shanghai, China) in 1 TAE for 30 min at room temperature and visualized under UV illumination.
Prominent bands were excised from the gels, and DNA was eluted with an equal volume of TE buffer at 50 C for 30 min. The resulting solution was used as target DNA for a subsequent PCR amplification with primers F341 and R534. The new PCR products were purified and cloned into a pMD18-T vector (TaKaRa) in accordance with the manufacturer s instructions. Clones with the correct insert (size and DGGE position) were then sequenced. Analysis of sequences was performed with the basic sequence alignment BLASTn program run against the BLAST database a F, forward primer; R, reverse primer. 
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Statistical processing of DGGE patterns. As a parameter for the structural diversity of the microbial community, the Shannon-Weaver index (H) was calculated for representative PCR-DGGE profiles by using the following function:
where Pi is the relative intensity of a band in a profile. The relative intensity was calculated as follows: Pi=ni/N, where ni is the intensity of a band and N is the sum of all band intensities in a DGGE profile. Statistical analysis was performed by using Statistica software.
Isolation of endophytic bacteria. For isolation of endophytic bacteria, banana root sections from native healthy plants were surface sterilized as described above, the inner tissues were carefully excised and pieces (4 to 6 mm long) were placed on NA plates. Incubation was carried out at 30 C for 1 to 3 days to allow growth of endophytic bacteria from cut pieces. Colonies on each plate that could be distinguished based on colony morphology were picked, and once the purity of each of these cultures had been verified, they were stored as glycerol stocks at 80 C. Each isolate that survived the subculture step was explored in an antagonistic activity test.
For calculation of the amount of endophytic bacterial communities, fragments of each surface-disinfected sample were homogenized in 3 ml of 0.85% (wt/v) saline with a blender and serial dilutions were plated onto NA. The plates were incubated at 30 C for 2 days, upon which the colony forming units (CFU) were counted and the population concentration was estimated.
Screening of isolated endophytic bacteria for biocontrol activity. Isolated endophytic bacteria were tested for the ability to inhibit FOC by using potato dextrose agar (PDA) plates. An agar plug of actively growing fungus (6 mm diameter) was placed at the center of a PDA plate, bacteria were inoculated as spots 2 cm away from the fungal disc and plates were incubated at 28 C for 3 days. The strain producing an antagonism towards FOC would produce an inhibition zone of fungal growth around the colonies.
In order to survey the biocontrol activity in vivo, banana tissue culture plantlets were dipped in antagonistic endophytic bacteria cultures (10 8 cells per ml) and subsequently transplanted onto sterilized soil. The inoculation of pathogen was carried out as described in the greenhouse experiment and the plantlets were incubated for 3 weeks after FOC treatment, and then collected for detection of antagonistic activity as described below. All of the control plantlets without antagonistic bacteria were infected with FOC. Early diagnosis of pathogen FOC. Because the infection of fungal pathogen FOC was a long-term process and it only caused disease symptoms when environmental conditions were favorable, early diagnosis was a shortcut to consider the pathogenicity of FOC and to judge the antagonistic activity of test endophytic bacteria.
Detection of FOC was done with specific primers (Table 1) targeting hpt, a label gene introduced in the genome of Fusarium oxysporum f. sp. cubense race 4 strain 4417 with no interference of pathogenicity. Total DNA of endophytic bacteria treated and control FOCinfected plantlets were extracted as described above, and the PCR mixture contained an equal concentration of total DNA for each sample. Amplification was performed at 94 C for 5 min, followed by 28 cycles of 94 C for 40 s, 55 C for 40 s, and 72 C for 1 min, and a final extension at 72 C for 8 min. For electrophoresis, 5 µl samples of the PCR product were analyzed in 1% agarose gel-TAE buffer and visualized with ethidium bromide under UV light.
Nucleotide sequence accession numbers. The sequences of the 30 bands excised from the DGGE gels were given accession numbers EF600648 to EF600677.
Results
DGGE analysis of the introduced endophytic bacterial communities in banana plantlets with culture-independent approach
To confirm inoculation density, an aliquot of inoculum was serially diluted in phosphate buffer and plated on NA medium; the population levels reached 7 log 10 CFU per g (fresh weight). The average sizes of introduced endophytic bacterial population from FOC-infected banana roots was approximately 6 log 10 CFU per g (fresh weight) and 5 log 10 CFU per g (fresh weight) from banana pseudostems, and the levels of colonization by endophytic bacteria in control plantlets tended to be 1.2 log units lower than that in FOCinfected plantlets.
In general, tissue culture plantlets infected with FOC showed higher bands Fig. 1 on gel than did con-trol plantlets. Six bands were detected exclusively in plantlets infected with FOC. Only band 23 was present in both sections. Two bands (5 and 6) were observed only in infected roots, whereas three bands (14, 18 and 19) were detected exclusively in infected stems. Three bands were detected only in control plantlets that band 25 was specifically present in roots of, and the other two bands (3 and 26) were detected in both sections. In addition, the two sections of banana plantlets examined showed slightly different bacterial population structures. Root sections contained four bands (7, 8, 12 and 22) that were not found in pseudostem sections, whereas band 4 was detected only in pseudostem sections (Table 2) .
To determine the structural diversity, ShannonWeaver diversity indices from the DGGE community fingerprints (Fig. 1) was calculated. Plantlets infected with FOC showed higher diversity with H of 3.24 and 3.04 in roots and pseudostems, whereas in control plantlets H were considerably lower, with 3.01 in roots and 2.91 in pseudostems.
To identify the numerically dominant populations in the introduced endophytic community, the 30 bands in Fig. 1 were excised from the gel, reamplified, and sequenced. These gave short sequences, but they were processed to give their approximate phylogenetic affiliation based on around 180 bases of the V3 region of the 16S rRNA gene. This allowed the structure of the introduced endophytic bacterial communities of different treatments to be compared. The names and accession numbers for the most closely related organisms and their percentages of similarity are shown in Table 2 . Twenty-one sequences fell into the γ subdivision of the Proteobacteria; eight were pseudomonad sequences, six were Enterobacter sequences, three were Pantoea sequences, one was a Klebsiella sequence, and one was a Ralstonia sequence. Four was β subdivision of the Proteobacteria; two were Burkholderia sequences and two were Herbaspirillum sequences. Two were α subdivision of the Proteobacteria; one was an Agrobacterium sequence and one was a Bradyrhizobium sequence. Two sequences were identified as the Firmicutes group. One was the Actinobacteria group and one was an uncultured clone.
Sequencing of these bands confirmed that the major dense bands were quite different in all four lanes. The general bacterial patterns in FOC-infected banana roots were dominated by five very intense bands: 7, 10, 11, 12 and 13, which showed the highest similarity with Bacillus cereus, Enterobacter ludwigii, Enterobacter cloacae, Agrobacterium tumefaciens and Pseudomonas aureofaciens, respectively. The bacterial patterns in pseudostem sections from FOC-infected treatment were most dominated by band 16 corresponding to Pseudomonas sp. HR 13; the less dominant bands 17 and 18 exhibited the highest similarity with sequences of Pseudomonas grimontii and Pantoea sp. BD 309. The major dense bands from FOCfree banana roots were bands 1, 16, 21 and 22, which showed the highest similarity with Bacillus sp. CCBAU 10754, Pseudomonas sp. HR 13, Pseudomonas putida and Enterobacter intermedius, respectively. The bacterial patterns in pseudostem sections were dominated by two intense bands, 26 and 30, corresponding to Herbaspirillum sp. B39 and Bradyrhizobium elkanii. However, several fainter bands, 9, 11, 15 and 24, were identical in all four lanes.
To compare the patterns of FOC-infected and FOC- Numbers on gel are to the right of bands that were excised and sequenced and correspond to the list in Table 2. Vol. 54 LIAN, WANG, and ZHOU Table 2 . Assignment of taxonomic groups to band sequences extracted from a DGGE gel (Fig. 1, lanes 1 to 4) R, root section of plantlet; S, pseudostem section of plantlet. a band, number as indicated on Fig. 1 free samples, a higher level of Bacillus cereus and Pseudomonas aureofaciens matched with intense bands 7 and 13 were obviously found in FOC-infected plantlets than control plantlets from root sections, whereas a higher level of Pseudomonas sp. HR 13 and Pantoea sp. BD 309 matched with intense bands 16 and 18 from pseudostem sections.
Antagonistic activity identification of isolated bacterial endophytes
In the in vitro assays of indigenous endophytic bacteria inhibition to FOC, only three of 30 isolated strains were able to demonstrate significant antagonistic activity towards FOC, and one strain, M1, showed the highest 16S rRNA gene sequence similarities to Pseudomonas aureofaciens (AF094722); the other two strains, M13 and M16, showed the highest 16S rRNA gene sequence similarities to Bacillus subtilis Endophytic bacteria response to Fusarium wilt (DQ207730) and Bacillus amyloliquefaciens (Z84577). The inhibitive rates of the three endophytic bacteria reached 60.32% of strain M1, 56.25% of strain M13 and 58.34% of strain M16. The three antagonistic endophytic bacteria strains showed high similarity with sequences of bands 7 and 13 on DGGE profilings which were most differentiated between FOC-infected and FOC-free roots (Fig. 2) .
In addition, the best inhibitive strain, M1, was tested for biocontrol activity inside tissue culture banana plantlets towards wilt disease by early diagnosis of pathogen FOC. It was detected with specific primers for 518-bp hpt-related PCR product in all FOC-infected banana plantlets, but the intensity of the amplified fragments was quite different in each case, with FOC-infected control plantlets showing a stronger signal than FOC-infected and endophytic bacteria strain M1 inoculated plantlets. Under the conditions employed, no amplification was observed from uninfected banana plantlets (Fig. 3) .
Discussion
Tissue culture banana plantlet is known as sterilized plantlet," that is in absence of indigenous endophytes, which make it an ideal host for the study of response to introduced endophytic bacteria when pathogen infected. Fingerprinting of endophytic bacterial communities by separation of amplified 16S rRNA gene fragments by DGGE provides the opportunity to compare the community structure features of pathogen-infected or -uninfected plantlets. ShannonWeaver indices clearly indicated that there was increased structural diversity in banana tissue culture plantlets that were inoculated with Fusarium oxysporum f. sp. cubense. The positive regulation of phytopathogen on associated endophyte population is also pointed at by several researchers (Hallmann et al., 1998; Reiter et al., 2002) . In that case, pathogens in plants would induce a cascade of reactions leading to the synthesis of stress metabolites, including H 2 O 2 , phytoalexins, and stress signals such as abscisic acid, jasmonic acid, and salicylic acid (Lichtenthaler, 1998) ; all of these would make changes in endophyte structure. Thus, Fusarium oxysporum f. sp. cubense infection could play a role in the establishment of introduced endophytic bacterial communities in the banana plantlets. Stress response of the endoplant bacteria may have taken place, causing improved conditions for growth, possibly explaining the increased diversity in FOC-treated plantlets.
The higher diversity of endophytic bacteria in infected but not wilt plantlets suggests that introduced en- Sequences were aligned with Clustal X, and distances were calculated with the Jukes and Cantor algorithm. A bootstrap analysis with 100 repetitions was performed. The sequence of Flavobacterium columnare (a member of the Bacteroidetes group) was used to root the tree. All plantlets collected were evaluated for the presence of the hpt gene. Lanes: M, molecular size marker (TaKaRa, DL2,000); 1, FOC-infected control plantlets; 2, FOC-infected plantlets with inoculation of antagonistic endophytic bacteria M1; 3, positive control containing FOC genomic DNA; 4, uninfected plantlets with inoculation of strain M1.
Vol. 54 LIAN, WANG, and ZHOU dophytic bacteria may be involved in pathogen defense. These endophytic bacteria could take effect by limiting the invasion of Fusarium oxysporum f. sp. cubense; the mechanism may range from outcompetition of the pathogen to production of antibiotics to induction of system resistance (Bacon and Hinton, 2002; Brooks et al., 1994) . Wilt disease of the banana plant may be inhibited by a diverse endophytic bacteria community maintaining the pathogen spores below the level that is required for expression of pathogenicity. Similar findings were obtained with rhizosphere bacteria of avocado trees that were infected with the pathogen Phytophthora cinnamomi (Yang et al., 2001) .
Furthermore, some speculation can be made about the function of the banana endophytic bacterial community of plantlets with FOC-infected treatment, since it was observed from DGGE profiling that the dominant bands 7 and 13, with a high similarity to Bacillus cereus and Pseudomonas aureofaciens in the root section, and bands 16 and 18, with a high similarity to Pseudomonas sp. HR13 and Pantoea sp. BD 309 in the pseudostem section, could be associated with the resistance to wilt disease. In fact, several strains of these species have already been described as inhibiting Fusarium oxysporum as biological control agents (Benhamou et al., 1996; Conn et al., 1997; Jamali et al., 2004; M Piga et al., 1997; Ventura et al., 1997) . Since the three antagonistic isolates showed high similarity with DGGE bands whose intensity obviously increased for FOC-infected treatment, we believe that the presence of FOC in tissue culture plantlets would induce the activity of antagonistic endophytic bacteria.
Screening indigenous banana roots-inhabiting bacteria for putative antagonistic activity against FOC revealed that a low percentage (10%) of the isolates protected tissue culture plantlets from Fusarium wilt disease. This might have been due to in vitro antagonism, so it is not a clear indicator of the potential antagonism in actual field situations. As such, some endophytic bacteria performed antagonistic activity in an indirect way to induce the host plants to process the defense system instead of direct inhibition such as producing enzymes, antibiotics or siderophores. In addition, the contribution of uncultured endophytes to pathogen control also merits further research. Based on plate confrontation tests, differences in radial growth of fungal colonies in the test plates could be attributed to diffusible antifungal metabolites produced by endophytic bacteria in agar cultures. Reduction in fungal radial growth rates indicates antibiotic sensitivity (Reddi and Rao, 1971) ; strains M1, M13 and M16 were grouped as strongly antagonistic to FOC as they showed about 60% reduction within 3 days of paired incubation. We hypothesized that a similar synergistic effect of isolates M1, M13 and M16 on the growth of FOC may occur inside the host plantlets.
We proved that antagonistic strain M1 significantly suppressed the growth of pathogen spores when inoculated in banana tissue culture plantlet. With the primers specific for the hpt gene of FOC, we were able to detect this pathogen before wilt disease discovery via standard format PCR. If band intensity was proportional to the number of spores present in the plantlets, we could suppose that the spores of FOC were much fewer in strain M1-treated plantlets than that in control plantlets. This provided preliminary evidence that strain M1 had the ability to interfere with the banana wilt disease cycle and may be a potential biocontrol agent. However, a limitation of routine application of PCR for detection of pathogens in plant tissue is its inability to quantify the initial amount of target sequence present in the tissue (Cubero et al., 2001) ; consequently, the methods used in this detection work were only shown as relative results.
Although Fusarium oxysporum is a soil-borne pathogen which survives in soil by the formation of chlamydospores (Nelson, 1981) , once the infection of plant roots has taken place, the fungus invades the vascular system internally and escapes from external pressures. Therefore, the antagonistic microbial communities from soil or rhizosphere must be introduced to root systems well in advance of FOC infestation (Getha et al., 2005) . By comparison, endophytes colonize plant tissues internally, where they can achieve active disease control even after a pathogen gains entry into the corm tissues. Accordingly endophytes applied in biocontrol of plant pathogens are more promising than bacteria from the exterior environment. So far, Cao et al. in our lab (2005) have succeeded in developing antagonistic endophytic Streptomycete from banana roots against Fusarium oxysporum f. sp. cubense race 4. The evidence obtained from the present work revealed that antagonistic endophytic eubacteria could also colonize in the banana tissue culture plantlets and reduce the development of wilt disease.
